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RHEOLOGY OF COATING COLORS CONTAINING WATER-SOLUBLE
POLYMERS AND TIIEIR EFFECT ON THE RUNNABILITY OF
THE CLC BLADE COATER

Harish K. Narasirnhamurthy, M.S.
Western Michigan University, 1994
Four different classes of commercial rheology modifiers (thickeners) e.g.,
Polyacrylate (PA), Associative Cellulosic Thickener (ACT), Associative Synthetic
Thickener (AST) and CMC were used in a simplified coating formulation to study
their effects on rheological and viscoelastic properties of the coating colors. An
attempt was also made to study their effect on runnability using the Cylindrical
Laboratory Coater (CLC). A series of coatings were prepared using number one clay
and styrene-butadiene latex. The thickeners were added to these at several levels. The
coatings were evaluated for rheological and viscoelastic properties. The coatings were
also applied onto paper using the CLC at several blade run-in values (blade pressures)
to assess the runnability. The results show that AST has the highest power of
viscosifying the coatings at a given level of addition. AST was also found to have the
highest low shear (Brookfield) and lowest high shear (Hercules) viscosity. Among
those studied, AST contributed to lower blade run-in values to get a required coat
weight. Coatings with AST relaxed faster during stress relaxation tests than those with
other thickeners. Although nothing could be said conclusively about runnability, AST
contributed to relatively trouble-free runs on the CLC.
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INTRODUCTION

Blade coating is the dominant method for high speed, light weight coating
application. During the last 10 years, the coating speeds and total solids of colors have
increased with the simultaneous development of blade coating technology making the
application of paper coating colors more difficult. This has placed new demands on
the formulation strategies of coating colors. Hence, it has become very important to
obtain a better understanding of the rheological properties of colors and relate these
properties to the application behavior of colors, which is commonly called runnability.
Although the runnability of a blade coater is influenced by many factors, the
most important of these is the rheology of the coating color. The characterization of
the coating color rheology is further complicated by the various methods used in
applying a coating to the base paper within the realm of blade coating itself. Many
traditional color formulations have evolved from experience on roll applicators, often
at relatively low speeds. It can be expected that the demands of a short dwell coater,
running at high speeds will be quite different.
In a traditional roll applicator system, the coating color applied at the roll has
to flow uniformly with no air entrapment or irregularity in deposition. Further, the
water loss under the application nip pressure and during the extended dwell time is
comparatively high. However, it is the very formation of an immobilized coating layer
on the paper surface due to water loss prior to the metering blade that gives the roll
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applicator system a quality advantage under certain circumstances. Unlike the roll
applicator, the short dwell applicator minimizes water loss prior to the blade
compression region, and therefore, the coat weight controlling mechanism is derived
from the interaction between the impulse and viscosity-related forces generated as the
excess color strikes the blade upstream from the tip without the formation of a pre
immobilized layer. The impulse force, being related to the rate of change of
momentum as the color impacts the blade, is strongly dependent on solids concentra
tion. Hence, it is evident that each process has its own demands on the color
formulation and its rheology.
The rheology of the coating colors can be modified to suit the demands of the
application process through the use of various rheology modifiers that are available
in the market today. Little documentation exists in the literature however that connects
the behavior of the coating colors with different rheology modifiers on the coater with
their rheological properties.
This study was designed to differentiate the effects of flow modifiers on the
coating color rheology and the runnability of the coater. It is believed that, through
the manipulation of viscoelasticity of the coating colors, some of the typical coating
defects can be controlled. Different classes of rheology modifiers like natural non
associative cellulosic thickeners (CMC & HEC), synthetic non-associative thickeners
(polyacrylates), and associative thickeners (Polyphobes) were used in the study. The
Cylindrical Laboratory Coater (CLC-6000) was used to evaluate the runnability of the
coating. This simulates the short-dwell blade coater with a pond type applicator.
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Viscoelastic properties of the colors were measured with the Bohlin Rheometer.
Coatings were applied at high speed, and the coated papers were observed for coating
defects. The runnability was analyzed by comparing the severity of the defects
amongst coating colors of different rheology modifiers. Attempts were made to
correlate the rheological (viscoelastic) data to the -coater runnability and to find the
relationship between the two.

REVIEW OF LITERATURE
To facilitate understanding of complicated coating process, the literature study
has been divided into the following sections. (a) Coating Color Rheology, (b)
Rheology Modifiers, and (c) Blade Runnability.
Coating Color Rheology
Coating colors are complex colloidal suspensions. In such systems, every
ingredient affects the flow characteristics to a greater or lesser extent. The basic flow
pattern or rheology of a coating is usually determined by the choice of the pigment,
the dispersant, the adhesive, the total solids of the coating color and a host of other
factors. When this rheology is not well-matched to the coating process or machinery
being used the quality of the coating suffers. If the mismatch is large, it may be
impossible to operate the coating process

w.

The shear-rate life cycle of a coating color is rather complex, with a color
having to withstand a wide range of shear-rate demands. In stirred tanks, piping and
pumps, the color is subjected to shear rates of 103 s- 1, whereas at the application roll
or backflow behind the blade shear rates in the 104

-

105 s- 1 range can be expected.

Finally, near or under the blade itself the coating color is subjected to shear rates of
106

-

107 s- 1 for a time period in the order of microseconds. Therefore to enable the

processability of a coating color to be assessed, it is necessary to determine the
4
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rheological behavior over the entire shear range (101

-

107 s- 1

).

Ramthun et al. fl], suggested that in the low and medium shear regions all the
rheograms are practically identical. He found a dramatic change between the fresh
color and the colors after the circulation within the shear range of 105

-

107 s- 1• The

structural viscosity of the freshly prepared color changed with time (2 - 4 hrs running
time) into a strongly dilatant behavior. In practice this color commenced with good
runnability but after some hours gave blade streaking. Even small changes in the total
solids of the color are enough to cause runnability problems on a production coater.
Over the years many papers have been published on different kinds of
rheological flows, the details of which can be found in the literature [1,1,iJ. It is a
fact that most coating colors are non-Newtonian in the sense that the viscosity
depends both on the shear rate and the applied time and history of the shear rate.
Rheology , measured macroscopically, is strongly dependent on the microscop
ic state of the coating suspension. The flow behavior of coatings is complex, even
under ideal flow conditions. Major factors contributing to this are: the size and shape
(including their distributions) of pigment particles, the solids content, the pigment
particle-particle interactions, the shear induced packing ability of the particles, the
properties of the continuous phase, and the interracial interactions between pigment
and the components of the continuous phase. In particular, the interactions between
pigment particles and between pigment particles and components in the continuous
phase cause the formation of network structures in suspension. The degree of
interaction and strength of these structures are manifested in the rheological properties
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of coatings. Characteristically, the viscoelasticity of coatings at low shear has been
attributed to temporal structures of pigment particles [§,l] and the presence of
dissolved polymers in the continuous phase IB,.2.]. These structures being sensitive to
shear, cease to exist at high shear rates [10), hence the solids content and packing
properties of the pigment begin to play a more dominant role [§].
In recent years it has been well-established that coating colors are viscoelastic
materials and the degree of viscoelasticity depends on the color formulation - strongly
connected with the dissolved polymer in the aqueous phase. It has been pointed out
that the elastic character can have a bearing on the coating operation and can also
have a significant influence on the properties of the coated paper. During the coating
process, the elasticity may yield a normal force component acting on the blade as well
as on the base paper and consequently also affect the structure of the coating layer
�,ll, 12,111.
Viscoelasticity
While viscosity measurements probe the strength of a coating dispersion
microstructure by subjecting samples to relatively large stresses, viscoelasticity reveals
the state of the dispersion due to unperturbed structure at small deformations.
Structure originates from polymeric components in the coating, interparticle
interactions, and interactions between the dispersed particles and polymers in the
dispersing (continuous) phase.
Although most steps in processing and application of paper coatings feature
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comparatively large stresses, flow behavior at "pockets" of low flow rate prior to
metering and after the exit from the blade nip depends on viscoelastic properties (14].
Furthermore, viscoelasticity prevails during consolidation of the wet coating deposited
onto the substrate. This is particularly important since coatings demonstrate a fading
memory of recent deformations, hence the magnitude and rate of recovery after the
blade nip is uniquely defined by both the formulation and processing speed (time).
Viscoelastic properties therefore are a measure of the degree and strength of the
microscopic structure at low shear rates and document its relaxation after application
of small strains during a short period of time [14].
Viscoelastic measurements can be conducted with a series of different dynamic
techniques, but here the dynamic oscillatory measurement method was used. In this
type of measurement the stress is measured when a sinusoidal strain, of known
amplitude and angular frequency, is being applied to the cup of a concentric cylinder.
For purely viscous materials, within the amplitude and frequency range tested, the
stress and strain will be out of phase by ninety degrees, i.e., the phase angle shift
= 90°. In contrast, purely elastic materials have a phase angle shift

o

o = 0°. Most

materials of industrial interest, including paper coatings, fall between the two extremes
of 0° <

o < 90°.
Viscoelastic rheological parameters can be calculated from the phase shift,

amplitude and strain [Q,.11]. These fundamental parameters are an inherent characteris
tic of the particular material or coating - very much like viscosity - and comprise the
c
storage modulus, the loss modulus and the phase shift angle.I The storage modulus, G',
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represents the elastic contribution, measured as the energy stored per cycle of
deformation. The loss modulus, G", corresponds to the viscous contribution, measured
as the energy dissipated per cycle of deformation. The phase shift angle, correspondi
ngly, can be calculated based on the two moduli as tano = G"/G'. Consequently, phase
angles close to 0° represent coatings with elastic (solid-like) behavior, while larger
angles are characteristic of more viscous (fluid-like) coatings [14].
Loss tangent, tan o, is a measure of the ratio of energy loss to energy stored
in a sinusoidal cyclic deformation. The dimensionless tan o is a useful parameter to
interpret intrinsic properties of paper coatings under frequency sweep and strain
sweep, and the shape and slope of tan o are also significantly meaningful [li]. The
greater the slope, the greater the transition between solid- and fluid-like that occurs
during applications.
It should be pointed out that these relationships are applicable only in the
linear viscoelastic regime, hence G' and G" are independent of the applied strain
[§,14,15). Dynamic viscoelastic measurements can be carried out at a fixed strain
(e.g., a displacement below the onset of nonlinear viscoelasticity) and variable
frequency, or at a fixed frequency but at variable strain amplitudes. These correspond
to dynamic oscillation and strain sweep tests, respectively. Strain sweep is also an
oscillatory measurement which indicates the range of linear viscoelastic behavior
where the dynamic moduli are independent of the strain amplitude.)
Concentrated paper coating dispersions display viscoelastic behavior when
subjected to a small oscillatory strain. This flow behavior arises from the tendency of
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the dispersion to return to its preferred arrangement of the particles or polymeric
molecules - so that a minimum energy requirement is fulfilled - in small amplitude
oscillatory experiments. The kind of viscoelastic response of paper coatings depend
on the type, concentration, size and size distribution of dispersed particles (mainly

'/

pigments); the type, molecular weight and addition level of soluble macromolecules
(i.e., starch, Carboxymethyl cellulose(CMC), Hydroxyethyl cellulose(HEC), alginates,
associative thickeners, etc.); and the interactions between all of the formulation
components [Q].
Dynamic viscoelastic measurements therefore provide information on both (a)
the degree and extent of elastic structure formation at low shear, and (b) the strength
and shear sensitivity of the structure.
Viscoelasticity is mainly associated with the water-soluble polymers and its
magnitude is to a large degree determined by the interactions between the polymer
molecules and the mineral particles (]_,.2,,.!§1. The storage modulus (i.e., the elastic
component) is virtually zero in the absence of water soluble polymers. It increases
with increasing molecular mass of the polymer- nd it is practically independent of
temperature in the range 25 - 70° C [2,161, which indicates that the rubber elasticity
of the dissolved polymers (or of the polymeric network in the liquid phase) is the
source of the observed elasticity [!fil.
Since coating colors are viscoelastic, they may be expected to generate normal
stresses associated with the elasticity during flow. Such normal stresses may be
expected to influence the coating operation since they will provide a lifting force on
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the blade in addition to those associated with the shear stress field, i.e. they will affect
the film thickness on the paper [lfil.
The viscoelasticity is complicated however in the sense that a pronounced non
linearity is noted at higher deformations i.e. the material properties depend on the
magnitude of the applied deformation. When the colors were subjected to a periodic
shear deformation, Engstrom and Rigdahl

ll7J noticed that transition to non-linear

viscoelastic behavior occurs above a critical shear strain amplitude. The critical shear
strain was found to decrease with increasing solids content of the color and with
increasing CMC-concentration. They found that the transition to non-linearity occurred
at lower strains for the color with the higher CMC-content Ill].
Triantafillopoulus and Grankvist [fil showed that coatings with clay and
calcium carbonate pigments, latex and various types of starch cobinders are
viscoelastic at low shear rate (ca. 1500 sec- 1) and purely viscous (i.e. shear thinning)
at high shear rates (ca. 930,000 sec- 1). They suggested that the low shear elasticity
depends on the flocculated state of the suspension, presumably arising from
interparticle and particle-starch interactions. Consequently, the degree of interactions
and the strength of floes determines flow behavior at low shear rates. Clay coatings
gave higher elasticity and viscosity than formulations containing calcium carbonate
[fil.
Triantafillopoulus and Grankvist [fil also demonstrated that it is possible to
correlate viscoelasticity at low shear and high shear rheological measurements with
blade coating defects. However, it was suggested that in addition to elasticity and
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viscosity, the immobilization solids and water retention of coatings are also important.
It is probably the synergistic effect of all these properties that contributes to the
behavior of coatings in a high-speed coater [Q].
Since coating colors are viscoelastic materials, they are expected to exhibit a
pronounced creep deformation under load and also stress relaxation when subjected
to a constant strain [1fil. Stress relaxation is one of the important properties of the
coating color which is believed to be useful in levelling-out the blade streaks induced
at the blade tip during the coating operation. A large number of such streaks are
usually visible in the wet coating layer immediately after the blade. Most of the
streaks flow-out and vanish before the coating is immobilized, but some of them,
usually the coarser ones, do not flow-out sufficiently to disappear completely and they
remain as severe quality defects in the dry coating layer.
Adolfsson et al. [lfil, performed stress relaxation experiments at room
temperature using a special, but commercial, rheometer. In each experiment, the color
was subjected to a constant shear strain ( 'Yo ) between two coaxial cylinders and the
shear stress ('ts) was measured as a function of time (t). The results were given in
terms of the shear relaxation modulus G(t) calculated as
G(t) = 'ts (t)/"(0

····································<1)

They used CMC as a water-retention aid and to build viscoelasticity into the coating
colors. They deliberately induced streaks of approximately 1 mm width on a lab
coater immediately after the blade and the width of the streaks was measured
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microscopically on the dry coated sheet. They found that the levelling-out of the blade
streaks correlated with the relaxation time. The narrowest streak was observed with
the color having the shortest relaxation time. Further, they showed that the relaxation
time, y, decreased with increasing initial strain, which is a consequence of the non
linear nature of the colors. The mean relaxation time increased with the increased
amount of CMC in the color. A clay-based color containing 2 parts of CMC relaxed
faster than one with 1 part CMC. They noted that although the solids content of the
coating had a less marked effect on the relaxation time than the CMC - concentration,
the y-values were shorter at higher solids

llfil.

Rheology Modifiers
The rheology of the coating color can be modified to a considerable extent by
the use of additives to accomplish such ends as increasing or decreasing the viscosity,
changing the amount of thixotropy or even converting the flow pattern from
Newtonian to pseudoplastic

W,

The need for adjustment of the rheological properties of a coating varies with
the coating application method. Rheology modifiers are mostly chemical flow
modifiers which are added to wet coatings to control, lower and stabilize the viscosity
of adhesives and to regulate the flow of the finished coating mixture. These additives
provide additional latitude to the formulator and permit a wider selection of raw
materials to meet certain end requirements without impairing the flow properties in
actual operations. Some materials increase and others decrease viscosity.
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Sometimes, too low a viscosity of the coating color can also be a problem to
the optimum performance of the color on a coater. In such situations, viscosity
increasing additives are used to meet the requirements. Several types of these
additives are available, polyfunctional amines which act upon pigment, water-soluble
natural or synthetic polymers which increase the viscosity of the aqueous phase, and
the alkali-swellable latexes which combine the functions of binder and viscosity
control. Each type of additive has its own peculiarities and limitations which must be
taken into consideration for use in formulations.
In the selection of a viscosity-increasing agent, one must also consider the
closely allied problem of water retention. Not all viscosity-increasing agents or
thickeners are effective water-retention agents, and a certain amount of water retention
is essential in most coatings, particularly those formulated with all-latex binders and
high solids [l]. At high solids levels even a slight loss of water may be sufficient to
raise the total solids of the coating into the dilatant flow range, where the application
of a smooth coating becomes extremely difficult or impossible.
Water-Soluble Polymers
A number of water-soluble, high molecular weight natural and synthetic
polymers are available to increase the viscosity to the desired range. Some of the most
commonly used polymers are alginates, hydroxyethyl cellulose (HEC), sodium and
ammonium polyacrylates, sodium carboxymethylcellulose (CMC) and the alkali
swellable latexes.
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The water soluble polymers increase the viscosity of the aqueous medium, and
are generally effective in increasing the water-retention ability of the coating. Most
of the water soluble polymers are available in various grades which are usually based
upon the molecular weight and degree of substitution of the polymer. The choice of
any grade will depend primarily upon the degree of thickening desired, but may be
modified by other factors. Polymers of higher molecular weights are more efficient
as thickening agents, but require much closer control of the amount added for a given
viscosity increase. Furthermore, since there is less weight of thickener present with
the high molecular weight grades, any degradation from shear stress or bacterial attack
tends to have a greater effect on the viscosity than with the lower molecular weight
polymers. On the other hand, larger amounts of lower molecular weight polymers
provide easier control of the viscosity, better viscosity stability and better water
retention, but may have significant effects on coating properties such as ink holdout
and porosity

W-

The various water-soluble polymers differ in their effects on rheology, their
compatibility with coating ingredients, their sensitivity to various ions and to pH, and
their susceptibility to bacterial attack

W.

Natural Thickeners
The natural thickeners such as CMC and HEC have been considered to be non
associative in their action, with most of their thickening ability being attributed to the
long polymer chains entangling and filling interparticle spaces. These thickeners are
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polysaccharide derivatives, with anhydroglucose units each containing three reactive
hydroxyl groups (Figure 1). At these hydroxyl groups, substitution occurs by
carboxymethyl (in CMC and sodium alginate) or hydroxyethyl groups (in HEC and
the starches). Due to the negatively-charged carboxyl groups in CMC and alginate,
these polymers tend to become surrounded by positive ions, which repel each other

Gcnen1 mucmn: of
IIOG-assoc:ialive ASE lhickenen.

z
Sodium Carboxymedlyl Cellulose (CMC)

Hydrophobe
Component
Sttucture ofHEUR-ASE dliclc.eDm..

Figure 1.

Structure of Different Thickeners [Ref. 19].
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and straighten the chain backbone [19]. These effects enlarge the cellulose chain,
giving space-filling capacity. The longer the polymer chains (represented by the
degree of polymerization, DP) the greater the viscosifying power. This is especially
influential in determining the low shear viscosity (LSV) [11].
In addition to this volume depletion effect; studies have described a certain
amount of associative behavior exhibited by cellulosic thickeners, with the degree of
associative character depending upon the size and substitution of the polymer [2_,15].
Carboxyl groups along the polymer chains associate through dipole adsorption, ionic
attraction, and hydrogen bonding with other ingredients in the formulation, especially
with water [20]. The non-ionic HEC appears to exhibit a strong adsorption to clays,
which leads to relatively _high hi-shear viscosities (HSVs), while CMC has low clay
adsorption. Neither HEC nor CMC adsorb on SIB latex [11].
Acrylate Alkali-Swellable Emulsion Thickeners (Polyacrylates)
The polyacrylates used in paper coatings are alkali-soluble synthetic polymers.
They are generally supplied as the sodium or ammonium salts. They are also supplied
in emulsion form. The properties of the polyacrylates are similar to those of the higher
viscosity grades of cellulose derivatives, particularly CMC. Conventional acrylate
Alkali-Swellable Emulsion (ASE) thickeners do not exhibit significant associative
behavior but thicken by means of neutralization of acid groups along the polymer
chain, causing a charge repulsion. With an increase in pH and subsequent neutraliza
tion, the acid portions of the polymer expand. Maximum viscosity is achieved when
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all acid groups are completely neutralized [12]. The high number of acid groups
present in the acrylic emulsion polymer probably accounts for the improved LSV
efficiency over the natural thickeners. Polyacrylates perform well in coating
formulations with latex binders and are stable in storage

w.

HEUR-ASE Thickeners
The Hydrophobically-modified Ethoxylated URethane Alkali-Swellable
Emulsion thickeners are associative polymers with hydrophobic portions which link
to the latex particles by ion-dipole interactions. As with the acrylate ASEs, the process
is initiated by a rise in pH. The interactions create a network of particles bridged by
the thickener polymer, providing a fairly strong viscous state. The associative system
yields a higher LSV per addition level than do the nonassociative natural and acrylic
ASE thickeners, apparently due to this networking [12].
Alginates
Alginates thicken the aqueous phase, are excellent water retention agents,
reduce binder migration during the coating and drying operations, and tend to confer
pseudoplastic flow characteristics to the coating color W.
Carboxymethyl Cellulose
Carboxymethyl cellulose is the most hydrophilic of the cellulose derivatives.
It is an anionic polymer. The flow properties of solutions tend to be pseudoplastic and
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thixotropic, but variation in the amount and uniformity of substitution in the polymer
can significantly affect these properties among the various grades available

w.

The Associative Cellulosic Thickeners (ACTs) are commonly hydrophobe
containing, water-soluble cellulosic polymers that can undergo inter-molecular associa
tion in aqueous media [W. The self-association- takes place through bonding of
hydrophobes on neighboring polymer molecules which leads to increased hydrodyn
amic size, and hence, increased viscosity, in aqueous media (Figure 2).

Figure 2.

Self-Association of ACT in Aqueous Medium [Ref. 21].

An ACT has been previously studied in coatings comprising No.1 kaolin clay,
and was found to associate with the clay and styrene-butadiene (SB) latex [12,21]. As
a result of self-association and pigment/latex associations, ACTs tend to give highly
structured coatings. The ACT-induced coating structure was observed to break down
readily under high-speed blade doctoring conditions [lll, and yet recover rather
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quickly after the blade. The unique ease of structural breakdown has been attributed
to the weak bonding involved in the hydrophobe association, which is London-Van
der Waals force in nature. Since the ease of structure breaking may facilitate high
speed metering, and the relatively fast structure recovery may contribute to coating
holdout and solids immobilization, ACTs appear to be useful in high speed coating
processes. Specifically, they appear to be most suitable for LWC processes where
there is a great need to attain low coat weights at ever increasing coating speeds and
to improve coverage of the LWC base stock through improved coating bulk and
holdout [11.].
The use of hydrophobically-modified, water-soluble polymers (i.e. associative
thickeners) in water borne latex coatings allows control of coating formulation
rheology that has not been obtainable in the past without compromising other coating
properties. Two types of synthetic associative thickeners are commercially available:
HASE, an acronym for Hydrophobically-modified, Alkali-swellable Emulsion and
HEUR, an acronym for Hydrophobically-modified Ethoxylated URethane. Through
the use of either type of associative thickener higher high shear rate hercules
viscosities (HSVs) and lower low shear rate brookfield viscosities (LSVs) can be
obtained, and these parameters can be controlled independently through structural
modification of the thickener. The HASE type offers the rheological achievement via
a relatively low cost synthesis but with less than optimum application properties in
many areas (i.e. lower gloss, higher water sensitivity, etc.). The HEUR type can
provide optimum application properties, but with less independent control of the
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rheological parameters and with greater sensitivity to structural variations in thickener
architecture. Associative thickener formulations can be, unlike conventional cellulose
thickeners, very sensitive to formulation changes [ll,19,TI].
The rheological requirements for storage and application of latex-based
coatings are complex and can only be achieved across a broad deformation rate range
through the use of a water-soluble polymer. Within this perspective there are,
however, limitations. For example, a small particle size latex will provide lower
viscosities at higher shear rates and higher viscosities at lower shear rates than a large,
hetero-dispersed particle size latex [22].
The poor flowout associated with small particle size lattices was originally
ascribed to interparticle bridging of small particles (<150) by cellulose ether
thickeners. It has in more recent times been related to volume restricted flocculation
or depletion flocculation [22], and is a phenomenon of importance in non-aqueous
coatings. If the depletion flocculation of the dispersed phase occurs, the low shear rate
viscosities (LSVs) will increase. Generally, the poorer flowout due to flocculation is
elastic in nature (as reflected in shear deformation parameters, storage modulus or first
normal stress difference) in both the latex and in pigmented latex dispersions.
Elasticity in coating formulations result from both particle flocculation and from
thickener-thickener associations. Recently, several water-soluble polymers containing
hydrophobic groups, chemically similar to surfactant molecules, have become
commercially available. In concept such hydrophobically-modified water-soluble
polymers are capable of interacting with the latex, a necessary requirement to provide

21
osmotic stabilization and inhibit flocculation [22].
In most applications, it is desirable to achieve high LSVs with thixotropic
behavior. This can be achieved through the use of high molecular weight water
soluble polymers, but their use will impart greater viscoelastic properties to the
solution. If the deformation mode is not predominantly shear in nature, viscoelastic
properties unique to those cited above, can influence application performance. For
example, the dynamic uniaxial extensional viscosity (DUEY) of a coating can affect
spatter or misting during application. Associative thickeners provide a means of
achieving high LSVs without high DUEVs [22].
Interactions Affecting Coating Color Rheology
Coating color rheology is governed by the repulsive and attractive forces
between the pigments, binders, and dissolved polymers. Kaolin clay exists in the form
of thin platelets which can have positive and negative charges on the edges and
negative charges on the faces. Evidence has shown that clay particles have a positive
charge on the edge for pH < 7 and becomes negative above pH 7 [23]. The dual
charge character of kaolin leads to clay aggregation when the clay is dispersed in
water at pH < 7. This edge-to-face association give rise to the so called "house of
cards" structure.
Flocculation of the coating color is not desirable, and at high solids content it
is important that the clay particles remain in suspension. The obvious approach to
achieve deflocculation would be to reverse the positive edge charge and to create a
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well developed negative edge double layer. Then, the positive edge to negative face
attraction would be eliminated. A technically very important powerful method of
controlling the stability of hydrophobic clay colloids is the addition of water soluble
polyelectrolytes. When polyelectrolytes are dissolved in water, their functional groups
become more or less dissociated. As a result the mutual repulsions of the charged
groups along the chain, the flexible molecule chain will assume a stretched
configuration. The rather high viscosity of polyelectrolyte solutions is due to the
presence of the stretched molecules. This effect of charge on viscosity is known as
electroviscous effect [23]. The colloidal interaction effects in paper coating dispersions
have been described in detail in the literature [M,25,26,27 ,l.[J.
Coating color flow behavior is greatly affected by the interactions. The
Newtonian viscosity is caused by the simple statistical make and break of intermolec
ular attractive forces of small molecules [29]. If a material possesses an additional
internal structure capable of modifying when subjected to shear, the material is said
to exhibit structural viscosity. Structural viscosity gives rise to all types of anomalous
flows. Shear thickening viscosity results from a competition between particle
aggregation and particle breakup. At high shear rate, suspended particles will collide
with each other so frequently that attractive Van der Wall forces hold the particles
together, gradually causing larger and larger aggregates to form.

If the rate of

aggregate formation is grater than aggregate breakup, then the overall aggregate size
and hence the viscosity increases as the shear rate increases.

Shear thickening

decreases as the colloid stability of the suspended particles increases because the
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enhanced repulsive forces acting between clay particles inhibit the aggregation process

112].
Gron [28] studied the rheological properties of coating colors. His data on
viscoelastic properties of coating color indicated a high storage modulus combined
with a high yield stress for polyacrylate (PA) and sodium alginate. He explained that
his results indicate a strong transient network structure for PA, sodium alginate and
CMC. He also pointed out that the most viscosifying and shear thinning effect was
indicated for CMC, polyacrylate and sodium alginate due to a strong structural
network at low shear rates according to high storage modulus and yield stress. The
starches indicated a less pronounced degree of interaction and thereby a lower shear
thinning flow. The coating color without water holding agent and latex as a sole
binder indicated low viscosity throughout the shear rate range due to lack of network
structures in the coating color suspension. The strength of structural networks is an
important issue in coater runnability. The formation of strong aggregates in a color
appears to have a ·negative influence on runnability [10,29].
Engstrom and Rigdahl [30] found that latex surface charge affected the
rheology and the highest shear stress at a given shear rate were observed for the latex
with highest surface charge. Similarly, latexes showing the highest affinity to clay
particles showed the highest increase in yield stress and plastic viscosity.

The

viscoelasticity of color was also strongly affected by these interactions. Storage
modulus was higher for the latex with higher affinity for the clay particles. They also
showed that addition of a non-ionic surfactant increased the viscosity of the clay
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slurry dramatically.
Makinen et al. Ill], studied the effect of mixing order of chemicals on
rheological properties of a coating color. They found that mixing order affected the
flow characteristics of coating color at different shear rates; it also affected the
formation of various structures. By mixing the same chemicals in different orders it
was possible to produce coating colors with totally different characteristics. Different
structures were created just by changing the mixing order.
Athey [321 explained that the pH dependence of dispersant efficiency is
because ionic dispersants are weak acids. The interaction of constituents in the
pigment slurry can be a problem. Some components can give "pigment shock'. He
explained that the latex which contains a polyhydroxy compound as a thickener or
protective colloid may be a potential destabilizer for the coating formulation.
Engstrom and Rigdahl [331 stated that aggregation or floe formation in
coatings can be quantified by means of rheological measurements. They found that
with a latex-rich clay-based color, the degree of aggregation of the pigments decreased
as the amount of CMC in the coating color increased, i.e. CMC appears to have
dispersive properties. Flocculation also increased when small amounts of gypsum was
added to the color. They hypothesized that this was probably associated with an
increase in calcium ion concentration in the color which reduced the repulsive force
between clay particles and thus promoted aggregation. Latex with affinity for clay
showed higher aggregation and this was preserved in the final dried coatings.
Increased aggregation in the coating color caused increased porosity and opacity of
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the coated paper.
Blade Runnability
Blade coating at high speed may result in a physical breakdown in coating
color application by a number of interrelated phenomena which, when considered
singly, appear to be chance factors. Collectively these constitute the problem of
runnability. Manifestations of the problem include scratches, skips, streaks, spits and
whiskers or "beard" growth at the exit of the blade nip. Numerous studies on various
aspects of these subjects have been published. Several authors have proposed
mathematical models for the basic mechanism of blade coating and have tried to
explain the reasons for these runnability problems.
The main runnability problems are : (a) blade streaks either due to excess
coating color or due to color-deficient scratches, and (b) blade bleeding leading to
stalagmite formation. Huang [34] has done an extensive survey of the literature
dealing with the blade scratches or streaks problems. There are two general types of
blade streaks. The first type is related to the rheological properties of the coating
color. This defect may appear initially as streaks and, later on, also as scratches. In
this case, often "blade bleeding" can be observed. The second type of streak is caused
by extraneous factors of a mechanical nature such as the entrapment of particles under
the blade or blade defects. In most cases, this defect appears as deep narrow lines and
is not accompanied by blade bleeding. The onset of blade bleeding is associated not
simply with high speed, but rather with a combination of machine speed and coating

26
color solids. The general trend is the occurance of a decrease of runnable speed with
increasing solids.
One of the most startling aspects of blade bleeding is that coating color may
creep onto the back of the blade at very low velocities (perhaps mm/sec), whilst the
paper is moving at perhaps 20 m/sec just microns- away. It is suggested [35] that
under conditions of good, bleed-free running, the flow of the color under the blade
is not laminar, but that there is slippage at the blade boundary. When disruption of
the flow occurs, the slip condition ceases to apply and momentarily the velocity of the
color adjacent to the blade drops to zero. However, the moving boundary (paper) still
has a velocity of, say, 1200m/min. The result is a film split, with some of the color

Figure 3.

Blade Bleeding Mechanism [Ref. l§].

moving on with the paper, but the remainder being attached to the blade (Figure 3).
The upstream pressure forces then drive this color onto the back of the blade. If the
film split occurs beneath the blade, wet bleeding results. If however, is the split occurs
further downstream, the color is likely to dry out (rather like the drying which is
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sometimes seen to occur m the dilatant fracture of high solids suspensions in
rheological measurements), and dry bleeding will result [36].
In seeking to optimize a coating formulation for high speed running, an
operator would like to have some means of assessing colors before they reach the
coating head. One obvious test is to subject colors to conventional rheological
measurements in a rotational or capillary viscometer. Experience shows that a color
which displays powerful shear thickening at medium or high shear rates is likely to
cause runnability problems on the coater. However, a color which is well-behaved in
such a rheogram may or may not cause problems, depending on a variety of factors
such as base paper, blade geometry and speed.
A simplistic calculation, based on a speed of 1000-1500 m/min and a gap
under the blade of 5-10 microns, would suggest a shear rate under the blade of the
order of 106 sec-1. Thus a color showing strong shear thickening in a conventional
rheogram (104 sec- 1) could be eliminated, but the absence of such behavior gives no
guarantee of good running. It is not surprising that conventional rheology measure
ments are of limited value in this context. On the coater the color will be exposed to
high shear rates for very short periods - milliseconds or even microseconds - whereas
the laboratory measurement is carried out on a time scale of seconds or tens of
seconds. Furthermore, the geometry of the blade coater is quite different from that of
a rotational or capillary viscometer.
The runnable speed/solids relationship for a clay-based coating color is a
strong function of the blade holder angle [36]. In contrast, such sensitivity is absent
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for a calcium carbonate-based color. In order to understand this, it is necessary to
consider the shape of the pigment particles. A typical coating clay consists of platey
particles with _aspect ratios (the ratio of equivalent spherical diameter of the pigment
particle to its thickness) of the order of 10-100. In contrast, a fine ground carbonate
consists of blocky particles with aspect ratios of the. order of 1-10. Good runnability
will require the smooth flow of coating color beneath the blade (361. When one
considers that the gap between blade and paper is of the same order of magnitude as
the greatest dimension of some of the larger pigment particles, it is clear that for
platey materials such as clay, the orientation of the particles along the direction of
flow is crucial. Failure to achieve this will result in 'log jams' of particles under the
blade, with associated runnability problems. With particles of very low aspect ratio,
however, the orientation is much less critical, (Figure 4).
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The deleterious effect of soluble thickeners such as CMC, especially in clay
based colors, probably arises from a tendency to inhibit the orientation of particles
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under and/or upstream from the blade [36]. This may arise from the increased
viscosity of the medium, and possibly also from bridging between particles by
polymer molecules. It should be added that for pigments of high aspect ratio,
indefinite increases in blade angle are not necessarily advantageous. At very high
blade angles (55-60°), problems may be experienced with profile control or with web
breaks as the blade "digs" into the base. In addition, reduced pressure on the base
immediately upstream from the blade can lead to an increased instance of fiber pick,
which then causes bleeding through contamination of the coating colors with fibers

Water retention of the coating color is another important factor in affecting
runnability [§,36]. Despite the advent of short dwell coaters, problems can arise if the
color suffers excessive water loss prior to the blade. The pressure for high speeds is
probably strongest in the LWC sector, where base papers tend to be quite absorbent
and thus water retention is a significant potential problem.
The rate of water loss from a particulate suspension is influenced greatly by
the aspect ratio of the particles. The tortuosity of the path which water has to take will
clearly be greater, at a given solids level, for a pigment having particles of high aspect
ratio [35,361, Figure 5. If levels of soluble thickeners are to be reduced to improve
runnability at high speeds, consideration should be given to the use of pigments whose
particles have a high aspect ratio,in order to minimize water loss.
It may be inferred from this that an ideal system for high speed coating is one
in which the level of soluble thickener is reduced to an absolute minimum, and the
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intrinsic water retention of the pigment is very high. If a pigment of rather poor water
retaining properties is employed, optimization of the thickener dose is more critical

low lortuo!iij

7��Clr, ·1
CJCJCJc\� CJ D

-��D

:: - dir�ctian

___ high tortuosity

Figure 5.

Effect of Aspect Ratio on Tortuosity [Ref. 36).

Gane et al. [35), suggested avoiding any use of polymeric additives, including
starch binders, in short dwell coater formulations unless they are proven safe. A
variety of debris problems such as whiskers, stalagmites, spits,, blade bleeds, and
weeps can occur on the_ dry side of a coating blade at high solids and high speeds.
While there are several different causes for the debris, Taylor [37) has identified
dilatant behavior of the coating color as the primary reason for debris problems.
According to him, the actual whiskering solids for any coating was a constant, but the
presence of a solid's gradient under the blade caused the coating application sollds
required for whiskering to vary. The minimum whiskering application solids decreased
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with increased speeds and blade pressures. Viscoelastic forces will form spits only if
there are dilatant forces present to form debris [37].
Blade coating dynamics are sensitive to the type of pigment, the coating color
formulation, and the bulk and surface properties of the base sheet. Given that these
parameters are fixed for a given system, the influence of the blade geometry is
important in determining the optimum fluid/particle coating dynamics and the proper
ties of the final coated sheet (38].
The flow regime at the blade can be split into two correlated regions [381 : (1)
the upstream flow described by the "blade angle" or ingress angle at which the blade
holder assembly is held to the paper and (2) the 'trap' volume at the tip described by
the tip angle [381.
The upstream flow largely determines the runnability of the color, which in the
case of anisometric particles relates to the individual particulate orientation and its
effect on the subsequent high shear rheology experienced at the blade tip. Randomly
oriented particles at sufficiently high concentrations lead to the onset of dilatancy
(shear-thickening behavior). Pseuodoplastic (shear-thinning) flow is more desirable
than dilatant flow for blade coating (381.
When a coating color passes under the blade of a blade coater, hydrodynamic
forces are developed that tend to lift the blade from the paper; a viscoelastic color
generates additional normal forces through its viscoelasticity ill]. Starch, casein and
polyvinyl alcohol impart viscoelasticity and, from considerations of relaxation times
of such colors, it is hypothesized that viscoelastic forces predominate in blade coating.
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Windle and Beazley 111] suggested that the dilatant suspensions generate
normal stresses during shearing, much as conventional viscoelastic materials do. The
elasticity in this case is not an inherent elasticity but one induced by packing the
particles together in a near-solid mass. In a blade coater, a dilatant color is
hypothesized to produce an increased hydrodynamic thrust from its increased viscosity
as it passes the nip, plus a viscoelastic type of normal stress 111].
Coating color rheology was believed to affect the doctoring action of the blade
and the blade loading-coat weight dependence 111]. Doctoring was seen as a backflow
region adjacent to the blade at the entry. The backflow region grew larger and
approached the blade tip as dilatancy increased. Coat weight was less dependent on
blade loading as dilatancy increased (in the high shear rate range).
Modrak [391 suggested that a pseudoplastic color is less subject to blade
streaking at a fixed coat weight. Hence, color water retention must be high to
minimize solid's change which could cause dilatant rheology and operating problems.
He believed that a dilatant color allowed better coat weight control.
The Importance of Viscoelasticity in the Blade Coating Process
During the coating operation the blade is subjected to (and deformed by)
forces exerted by the flowing color. In most cases these forces have been assumed to
be of a viscous origin. Windle and Beazley 111] recognized that coating colors can
be viscoelastic and that the elastic component can result in normal forces acting on
the blade. They also showed that these elastic effects may be at least as important as
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the viscous contribution in the coating operation. Ginn (40] analyzed the stress
situation under the blade tip, i.e., in the parallel channel shown in Figure 5, and noted
that the normal forces exerted by the color on the blade tip (and on the paper) were
the sum of independent viscous and elastic effects. The elastic force Fe is proportional
to the first normal stress difference in the viscometric flow, i.e.,

where, Fe
( 'tu - 't22)

Fe ~ ('tu - 't22) ·························································<2)
= elastic force contribution
= first normal stress difference

Since the rate dependence of 'tu - 't22 and the storage modulus G'(w) of
viscoelastic fluids are very similar and can be related to each other under certain
circumstances [11], it can be proposed that an increase in the modulus of the color
will increase the normal forces acting on the blade and on the paper. Provided that all
other coating conditions are kept constant, an increase in the elastic component G'(ro)
of the rheological properties will result in an increase in coat weight. An increase in
machine speed will cause an additional increase in the normal force, since the storage
modulus increases with shear rate (and frequency) Lll].
Kahila and Eklund (±1] have carefully analyzed the force balance at the blade
tip during the coating. They concluded that the final coat weight was determined by
the balance between the mechanical force (blade pressure) acting on the blade and the
impulse and pressure forces exerted on the blade by the flowing coating color. They
also suggested that the hydrodynamic pressure (determined by the viscosity) under
the blade tip was negligible if the tip was parallel to the paper surface and the blade
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angle not exceedingly small. In terms of this theory, the thickness of the coating layer
on the paper will be entirely determined by the sum of the viscosity-independent
pressure and impulse forces for a given coating color if the blade pressure is kept
constant. The pressure and impulse forces depend on the mass flow acting on the
blade, the paper speed and the geometry of the blade-paper system [1.1,42,11], and
both forces can be evaluated from experimental data.
Too high a elastic modulus of coating may also lead to some complications
in the coating operation. As seen in Figure 3, the excess of the coating color is
doctored off by the blade. If the modulus is high, i.e., if the cohesion of the color is
substantial, there is a tendency for the entire coating film to follow the main flow up
along the blade. Thus flow instabilities can occur prior to the blade if the elasticity
is too pronounced Ill].

STATEMENT OF TIIB PROBLEM AND SIGNIFICANCE

The literature survey has shown that various blade coating processes which are
being practiced in the world today, have unique. demands on the coating color
rheology, depending on the method used in the application and metering of coating
colors. Runnability of these blade coaters has become very critical as the speeds and
total solids of application have increased. Short dwell blade coating is accepted as the
most efficient way of applying coating colors to the paper at high speeds, especially
on the light weight grades. Hence, this study will be concentrated on the runnability
of the short dwell blade coater.
Previous studies have indicated that coating color rheology and water retention
of the colors are important factors which affect blade coater runnability. Coating color
rheology is a complex phenomena of the interactions of various color components. It
has been shown that most colors are viscoelastic and the viscoelasticity has been
associated with the use of water-soluble polymers. Water-soluble polymers affect both
the rheology and water retention of the colors. Although different kinds of water
soluble polymers or thickeners are available in the market today, most of the studies
have been limited to the use of CMC, starch and polyacrylates. Among these studies,
a few have concentrated on the viscoelastic properties of the colors. In this study, it
is proposed to study the effect of other commercial water-soluble polymers on
viscoelasticity and blade coater runnability.
35
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Various blade coating defects and the mechanisms proposed to explain the
cause of these defects have been presented in the literature by many researchers. The
recent studies have suggested the possibility of a correlation between viscoelasticity
and runnability of the colors. It is believed that control of viscoelasticity could
contribute to reducing or eliminating the blade -streaking problem. Hence, it is
proposed to study the viscoelasticity of coating colors, and its effect on the
runnability. Commercial water-soluble polymers will be used in the study, which inte
ract to varying degrees with the other coating color components, thereby, influencing
the degree of coating viscoelasticity. An attempt will be made to correlate viscoelast
icity with the runnability of the blade coater.

OBJECTIVES OF THE STUDY

1. To characterize and document rheological and viscoelastic properties of
coating colors containing various classes of thickeners (rheology modifiers). The
thickeners used in the study are CMC, Polyacrylate (PA), Associative Cellulosic
Thickener (ACT) and Associative Synthetic Thickener (AST).
2. To study the runnability of these coating colors on the laboratory blade
coater ( i.e., CLC) and to observe the relationship between viscoelasticity and
runnability.
3. To correlate viscoelasticity with the runnability on the coater.
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EXPERIMENTAL DESIGN AND METHODOLOGY
In order to fulfill the objectives, the experimental design was outlined in
several phases. Figure 6 shows the block diagram of the experimental design for each
thickener. Coating colors were prepared using the different thickeners in a simplified
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paper coating formulation. The formulation was : 100 parts clay (#1 Clay), 0.25 parts
dispersant (Dispex N-40), 14 parts SB latex (CP 620 NA). Different thickeners Polyacrylate (PA), Associative Cellulosic Thickener (ACT), Associative Synthetic
Thickener (AST) and Carboxymethyl Cellulose (CMC), were added to this formula
tion at three levels. The details of the chemicals are listed in Appendix A. All
coatings were prepared at ~ 64% solids. The coatings were tested for pH and adjusted
to pH 8.0 with NaOH. Hercules Hi Shear and Brookfield viscosities were measured
immediately. The samples were also tested on the Bohlin rheometer for the
viscoelastic properties under different modes later.
The coatings were applied on to a woodfree, 60 g/m2 offset base stock using
the Cylindrical Laboratory Blade Coater at a speed of 900 m/min at three levels of
run-in ( i.e., blade pressure). The machine conditions are listed in Appendix B. All
coatings were applied only on one side of the base stock.
After coating, the coat weight was determined using the oxygen ash method.
The coated samples were analyzed for blade coating defects to assess the runnability.
Runnability was also assessed through blade inspection for any possible build-up on
the blade.
All experimental data were duplicated except for the viscoelastic properties due
to certain experimental limitations.
Remarks
1. Coat weight was not controlled. Instead, blade run-in (blade pressure) was
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maintained at 3 levels - 0.020", 0.030", and 0.040". Coat weight was measured as a
function of run-in.
2. Base stock was coated only on one side.
3. Only infra red drying (IR drying) of the coated sheet was done. No hot air
drying or any combinations of these.
4. Thickener levels were adjusted during the second set of experiments
depending on the development of viscosity in the coating formulations. Starch was
used as an additional rheology modifier.
5. A single blade was used throughout the entire run as blade wear out effect
was considered insignificant.
Procedure
Coating Color Preparation
Coating color with the basic formulation 100 parts #1 clay (70% solids), 0.25
parts dispersant and 14 parts SB latex, were prepared in the pilot plant. All possible
care was taken to minimize the variability among the master batches. Each thickener
was added at three levels - low, medium and high. Individual formulations were
prepared by withdrawing 2000 gms of the master formulation and adding a particular
level of thickener to it. Water was used to maintain 64% solids level. Wherever
necessary, pH was adjusted to 8.0 with NaOH.
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Equipment
Cylindrical Laboratory Coater
A Cylindrical Laboratory Coater (CLC) was used to apply coatings onto the
paper. CLC was designed by Sensor and Simulation Products, a division of
Weyerhaeuser Company (44]. Figure 7 shows a schematic view of major components
of the CLC - 6000. It has a maximum speed of 1800 M/rnin. The machine consists
basically of a rubber covered backing roll around which a single sheet of paper is
wound and taped. It can apply the coatings to the paper at high speeds and simulates
the actual coating operation. Operating parameters such as pre and post drying time
and intensity, pond shutter opening and closing, distance between coating application
and start of drying can be varied. Because of these features it is widely accepted for
the laboratory study of coating. It is reported [44] that the results of the CLC are
conservative, meaning that actual trials could be run at higher speed than that used in
the CLC, at least by another 500 m/rnin. The normal sequence of initiating a coating
run is to tape the paper to the drum, place the pond on the pond carriage, lock the
pond in the carriage, and fill the pond with coating. On turning the cover latch switch
to close position, the drum will automatically come up to the speed selected. On
initiating the automatic coater sequence, the automatic coating sequence follows,
which involves preheating, coating application and post drying at the preset condition.
A detailed description of the CLC can be found in the literature (44].
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Bohlin Rheometer
The Bohlin VOR Rheometer has proven to be a multiform instrument to study
the rheological properties such as thixotropy, pseudoplasticity and viscoelasticity. It
is a controlled strain rate rheometer. Viscosity, oscillation and relaxation measure
ments were performed in order to study the rheological behavior of the coating colors.
The rheometer is of couette-type with the outer cylinder rotating or oscillating and the
shear stress transformed from the coating color is registered by the inner concentric
cylinder. The dynamic method of measurement is based on imposing an 1 ± 0.3 %
oscillatory strain on the sample in frequency sweeps from 0.1 to 10 Hz within a
period of four seconds. The reference temperature for all rheological tests was 25 ±
0.3 °c. In addition, viscoelastic properties were measured as a function of shear strain
(also referred to simply as shear) in order to assess the response and sensitivity of
structures in suspension to shear. Strain sweep tests were performed in the range of
0.001% to about 1 % strain at the constant frequency of lHz. All dynamic measure
ments provided information about the storage and loss moduli, phase angle and
dynamic viscosity. In addition to the moduli, dynamic measurements with the Bohlin
rheometer allow determination of the characteristic relaxation time of coating colors.
Measurements of viscoelastic parameters as a function of frequency and strain were
based on principles of linear viscoelasticity, i.e., the applied deformations are
sufficiently small. This instrument is limited in the range of relatively low frequency
and strain sweeps (or flow curves) up to a maximum shear rate of 1500 s- 1•

RESULTS AND DISCUSSION
These experiments were conducted in eight phases beginning with practice to
become familiar with the experimental technique in the first two phases. During the
first phase, viscosity curves were made with different addition levels to obtain basic
data about the viscosifying power of the thickeners used. Table 1 shows the amount
Table 1
The Predicted Levels of Thickeners Required for
1000 mPa.s Brookfield Viscosity at 100 rpm
TYPE OF THICKENER

ADDITION LEVEL,pph

PA

0.25

ACT

0.23

AST

0.12

CMC

0.96

of thickener required to get 1000 mPa.s Brookfield viscosity at 100 rpm. During the
second phase, trial runs on the Cylindrical Laboratory Coater (CLC) were made to
become familiar with the blade and pond assembly set-up and also to adjust the
micrometer for the necessary run-in to get required coat weight. No data was collected
during this phase. The third through eighth phases were designed to yield experimen
tal results. Although some randomization was done between the first set and second
set of experiments, it was not enough.
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Effect of Thickeners on Brookfield and Hercules Hi-Shear Viscosity
Figures 8-11 show the Brookfield (Fig. 8 & 9) and Hercules (Fig. 10 & 11)
viscosity results graphically for both the runs. It is evident from these figures that the
Associative Synthetic Thickener (AST) was more efficient than the Polyacrylate (PA)
or the cellulosic [CMC and Associative Cellulosic Thickener (ACT)]. AST produce
higher Brookfield (low shear 100 rpm) viscosity at equal addition levels than other
classes of thickeners. Overall viscosities obtained during the second set are
comparatively slightly lower than those obtained in the first run(set). However, the
relative differences between the thickeners remain the same. The reason for lower
viscosities during the second run might be due to some changes in the formulation
ingredients. This will be discussed later.
Figure 12 shows the predicted levels of addition for a Brookfield viscosity of
1000 rnPa.s at 100 rpm. It can be seen here that the amount of AST thickener
required is considerably less. In other words, AST has higher viscosifying power
compared to cellulosic and polyacrylate thickeners at a given level of addition.
The high shear, Hercules viscosity (6000 rpm, Bob E) is lower for the AST
thickeners than for the polyacrylate or cellulosic thickeners. The trend is more clear
in Fig. 11 than in Fig. 10.
Figures 13 and 14 show the rheograms of Hercules Hi-Shear viscosity as a
function of shear rate at 0.15 and 0.25 pph levels of addition of all thickeners.
Examination of these rheograms showed that all thickeners had plastic yield value and
thixotropic breakdown, which roughly agrees with the Brookfield data. Thixotropy was

46

•

2700

I

,...2500
!2300

82100

0 1900
31
� 1700
8 1500

•

E 900
500

> 300

Figure 8.

. -l:(WLal

.....

�

�V

.....
-·-

•

700

100

I'll , �y�

ac,It,UBIXY IDIYl

I J--- PA
I l,-'.'.'.JI ··III/
__,...,.....

i_ 1100

§

o\ST"i,,oaAll� ffi1t� 111ICENEII

I

.!1300

i

-·· �··un:-�··-

I
L --

0

0.15

0.3

0.45

0.6

0.75

0.11

1.05

Tl«:KDl:R LEVELS, pph

1.2

1.35

1.5

Effect of Thickener Type and Amount on the Brookfield Viscosity
(First Set).

2700

,...2500
�2300

...,. -··

I

01900

1100

I.CT

� 1500

,!• 1300

I::

-_ ..mo

o\ST" sm:!AlllIE ffi1tme 111

82100

I

II

t ,.-..-

'1100
900

�A : 'OLY.u:11I.AK

QI;"oWQX'(

1rA

'/

/

..ri,..__ --

-

-v�
�

/

CWJA.ol

-�

,--

I

300
100

Figure 9.

0

0.15

0.3

0.45

0.11 0.75 0.9 1.05
Tl«:KDl:R LEVELS, pph

1.2

1.35

1.5

Effect of Thickener Type and Amount on the Brookfield Viscosity
(Second Set).

47
105

T

l

I
I

• 95 :
d

t

i
�
�
::c

I
�

;

:

85

:
:

75 :
:

65 :
:

55
45

I

r

___- -

__-

AST: �11,t: ffi1t� 111ICENER

•-. ,

�A : r!LYAl:II' I.An:

.,.

I L7

_..,

! J- ��
:
:

QI;:

-

n

�

--

�

lo1Ellffl.

,

�

\
a.�

::c 35 :
:

25

Figure 10.

0

0.15

0.3

0.45

0.11 0.75 0.9 1.05
Tita<DER LEVELS, pph

1.2

1..35

1.5

Effect of Thickener Type and Amount on the Hercules Hi-shear
Viscosity (First Set).

105
• 95
d

t

i
�

I
�

;

85
75
65
55
45

::c 35
0.15

Figure 11.

0.3

0.45

0.11 0.75 0.9
1.05
Tita<DER LEVELS, pph

1.2

1..35

1.5

Effect of Thickener Type and Amount on the Hercules Hi-shear
Viscosity (Second Set).

48

0.9
0.8
�

a. 0.7

§

0.6

� o.s
� 0.-4
...J
uJ

� 0.3

0.2
0.1
PA

Figure 12.

AST
ACT
TYPE or THICl<DER

CMC

Predicted Levels of Addition of Thickeners for a Brookfield Viscosity
of 1000 mPa.s at 100 rpm.

more pronounced in PA and ACT compared to AST and CMC thickeners. While PA
and AST showed nearly Newtonian behavior at higher shear rates, CMC and ACT
showed slight and more pronounced shear thickening at high shear rates, respectively.
The control containing no thickener was Newtonian.
Effect on CLC Runnability
Definition of runnability on laboratory coaters is different from runnability on
commercial machines. This is especially true with the CLC. This is because of the
blade loading mechanism. As mentioned earlier, maintaining blade pressure or tube
loading is quite different on the CLC machine. Here, we do not have any means to
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measure blade pressure directly. Instead there is a micrometer arrangement (see Figure
15) which is used to control the blade pressure. The micrometer reading is set at zero
initially when the pond and blade assembly is barely touching the backing roll. This
is the 'zero point'. If the pond and blade assembly are moved towards the backing roll
a few thousandths of an inch, pressure is applied to the backing roll. This linear
movement of the pond and blade assembly is termed "run-in", which is an indication
of the blade pressure.
In assessing runnability of coatings on the CLC machine various factors have
been considered. Runnability was defined for simplicity as the severity of the
occurrence of streaks and spits in the coated sheet. Although weeping could not be
observed due to very short run times, coating build up on the back side of the blade
was observed. This was also a factor in assessing runnability.
In this study, runnability was quantified using a scale of 0 to 3 (0 = No
streaks; 1 = 1 or 2 small, non repeating streaks; 2 = Single running streak; 3 =
Multiple streaks throughout sample) after considering all of the above mentioned
factors, where a high number indicates poor runnability. However, a comprehensive
representation of the data graphically is difficult due to the fact that each color with
a particular level of thickener addition was run at three different blade run-in values.
Table 2 shows the runnability indices for each thickener type at each level of addition.
Relative runnability index (RRI) is a sum of all runnability indices of a particular
thickener, run at all three blade run-in values and at all levels of addition.
Figure 16 shows the RRI as a function of thickener type. The figure clearly
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Table 2
Runnability Indices for Each Thickener at Each Level of Addition
THICKENER
TYPE

PA

ACT

AST

CMC

TOTAL

@ :

LEVEL OF
ADDITION

LOW
RUN-IN

MEDIUM
RUN-IN

HIGH
RUN-IN

0.15

0

1

0

0.25

1

0

0

0.35

3

0

1

0.05

3

1

2

0.15

2

4

2

0.25

3

3

2

0.10

0

0

0

0.15

0

0

0

0.25

0

0

0

0.50

0

1

0

1.00

1

3

1

1.50

0

1

1

13

14

9

TOTAL
OR

RRI®

22

0

Relative runnability index (RRI) is a sum of all runnability indices for that thickener.

demonstrates that while ACT had the very worst runnability, AST had the best run
nability. It appears that the two cellulosic thickeners has a tendency towards
contributing to poor runnability. However, the CLC runnability index should be
correlated with pilot coater and commercial coater to determine its validity.
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Effect on Coat Weight

Figures 17 - 20, show coat weights achieved by each thickener at three levels
of blade run-in (blade pressure) values for both runs. These figures show that the coat
weight decreased as the blade run-in was increased and reached minimum. This mini
mum is a characteristic of a particular base stock.
Coat weight achieved during the second run was always lower than the first
run. This could be due to the change in the rheology of the colors in the second run,
since the base stock and blade pressure remained the same. Color rheology might have
changed in the second run because clay from a different batch was used in the color
preparation. This was confirmed verbally as a possibility from the supplier as clay
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could be from a different geographical source.
Figures 21 show the blade run-in (related to blade pressure), required to get
a coat weight of 8 lbs/3300 ft2 at the three levels of addition. The data used in these
plots are from entirely separate runs where fresh colors were used. It can be seen that
AST required less blade pressure or run-in for a given coat weight compared to other
three thickeners (except ACT at low level). Also ACT was the only thickener where
run-in increased with level; other thickeners had decreased run-in with increased level.
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ft2 for all the Thickeners at Different Amounts of Addition.

Figure 22 is the plot of run-in needed to maintain a coat weight of 8 lbs/3300
ft2 as a function of Hercules high shear viscosity at different addition levels of the
thickeners. The run-in needed to maintain the coat weight decreased logarithmically
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as viscosity increased for all the thickeners with the exception of ACT (which is a
mixture of HEC and CMC), which increased logarithmically with the increased visco
sity. The same trend was observed with Brookfield viscosity at 100 rpm also.
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The Relationship Between Blade Run-in and Hercules Hi-Shear
Viscosity at Different Amounts of Thickener Addition.
Effect on Viscoelasticity

The viscoelastic properties of coating colors were measured using the Bohlin
rheometer both under steady shear and simple oscillatory flow conditions. The
viscoelastic properties of the colors will be discussed here under three measurement
modes - flow/stress relaxation, strain sweep and frequency sweep.
In this work, colors used in the first set of CLC runs were tested for
viscoelastic properties. These were aged for about ten days before testing. So fresh
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colors were prepared again and tested within an hour after they were prepared. These
fresh colors were not used for CLC runs. Hence, viscoelastic data from these fresh
colors were used to discuss the structure build up with different thickeners. The
viscoelastic data from the aged colors was used to discuss the implications of
viscoelasticity on blade runnability and coating defects. We know that the data from
aged colors may not represent a true picture, but these colors were used to coat paper
on the CLC and, hence, an attempt to link viscoelastic properties with blade
runnability can be made. Moreover all these colors were aged to the same extent and
slimicide was added to prevent microbial development. However, aged colors were
compared against fresh coatings.
Flow Relaxation
In stress relaxation experiments, the coating color is subjected to a constant
shear strain (y0) between the two coaxial cylinders and the shear stress (ts) is
measured as a function of time (t). The results are given in terms of the shear
relaxation modulus G(t) calculated as
G(t) = ts (t)/Yo
This type of experiment helped to evaluate the characteristic relaxation time of the
coating colors.
Figure 23 shows the stress relaxation curves for the fresh coating colors with
the different thickeners. All these colors were sheared at a constant shear strain of 1.8

59

10

ACT

PA
D

4ST

0.1

0.014-����-��������-���.....i

0.01

Figure 23.

0.1

I
Tl£, sec

10

100

Stress Relaxation Curves for Coating Colors Containing Different
Thickeners (Fresh Colors) - Shear Stress as a Function Time.

1/sec for about 30 seconds and the shear stress decay was measured over a period of
time. In Figure 23 it can be seen that ACT has a flatter curve which means a longer
relaxation time compared to the others. Some of these curves may have more than one
relaxation time or a spectrum of relaxation times.
The characteristic relaxation time t is trditionally defined as the time at which
the shear stress has decreased to half its value at 10·2 s. Table 3 shows a list of
relaxation times calculated for these curves. Here, instead of having a single relaxation
time, as we do not know the real time process, a series of relaxation moduli, G(t), is
calculated at 0.2, 0.5 and 1 second [ G(t) = t/t0

].

This way the relaxation kinetics

can be appreciated. From the table it is clear that coatings containing AST and CMC
thickeners relaxed faster than PA and ACT. In other words, AST has a faster recovery
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Table 3
Relaxation Times Calculated for the Stress Relaxation Curves
THICKENER TYPE

ADDITION
LEVEL
pph

BF VISCOSITY•
mPa.s

HERCULES VISCOSITY
mPa.s

PA

0.25

1150

48.5

9.943

0.78

0.65

0.55

13

1

ACT

0.25

1360

92.7

9.620

0.96

0.87

0.79

18

8

AST

0.25

1170

40.6

9.872

0.81

0.61

0.45

7

0

CMC

1.00

1180

51.3

9.964

0.77

0.59

0.47

10

5

'to, Pa

G(tt
@
0.2
sec

G(t)
@
0.5
sec

G(t)
@l
sec

RUN-

Rld

10-3

INCH

Brookfield viscosity at 100 rpm, mPa.s.
b G(t), relaxation modulus at time t = t/t0 •
c Run-in required to get a coat weight of 8 lbs/3300 ft2, in 1/1000
inches.
d Runnability Index.
a

kinetics compared to CMC. Also from the same table, it can be seen that the run-in
values required to get a coat weight of 8 lbs/3300 ft2 depend on the relaxation
kinetics. Faster recovery appeared to lead to lower run-in values or lower blade
pressures.
Frequency Sweep
In frequency sweep experiments, the colors were subjected to a sinusoidal
oscillation over a range of frequencies from 0.01 to 10 Hz at constant strain of 1%
amplitude. A constant strain of 0.5% amplitude was also used for evaluations in the
linear viscoelastic range. This test helps to evaluate the flow characteristics of coating
colors through calculation of the viscoelastic constants in the linear viscoelastic
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region.
Dynamic oscillatory (frequency sweep) measurements demonstrated that all of
the coating colors were linearly viscoelastic at low shear strain in the range of
frequencies from 0.1 to 10 Hz. Table 4 shows the viscoelastic parameters at 5 Hz and
10 Hz frequencies for both fresh and aged colors: Elasticity of all coatings ( see
Figure 24 ) increased slightly with frequencies showing their dependence on
frequency. The magnitude of elasticity (i.e., storage modulus, G') at low shear was
purely a function of different types of thickeners because, pigment and binder were

l
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Figure 24.

......

-M- AST

The Plot of Storage Modulus (G') as a Function of Frequency (Fresh
Colors).

the same. Coating color with CMC has the highest modulus whereas coatings with
starch, PA and ACT all fell in the same range. AST has the least elasticity. Although
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Table 4
The Viscoelastic Properties of Coating Colors Calculated
From Frequency Sweep Test

For Fresh Colors at 5 Hz Frequency
Thickener
Type

Parts

Phase

PA

0.25

ACT

Range
%

Ampl
-itude

Strain

27.0

3.26

1.0

.00147

190.0

16.0

3.14

1.0

.00148

110

110.0

18.0

2.15

1.0

.00169

1.10

390

390.0

34.0

2.40

0.5

.00054

0.09

10

9.7

2.9

0.24

1.0

.00209

Range
%

Ampl
-itude

Strain

11'

Pas

G*
Pa

G' Pa

G"
Pa

7.9

0.86

200

190.0

0.25

4.9

0.50

190

AST

0.20

9.1

0.56

CMC

1.00

5.0

NONE

0.00

16.9

For Fresh Colors at 10 Hz Frequency
Thiekener
Type

Parts

Phase

PA

0.25

ACT

Pas

G*
Pa

G'
Pa

G"
Pa

9.1

0.52

210

200

33.0

4.30

1.1

.00128

0.25

5.4

0.29

190

190

18.0

4.11

1.1

.00131

AST

0.20

9.3

0.31

120

120

19.0

3.00

1.1

.00155

CMC

1.00

4.6

0.51

400

400

32.0

2.86

0.5

.00044

NONE

0.00

16.6

0.05

12

12

3.5

0.41

1.1

.00209

11'
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Table 4 - Continued
For Aged Colors at 5 Hz Frequency
Thiekener
Type

Parts

PA

0.15

Tl,
Pas

G*

G'

G"

Pa

Pa

Pa

9.8

0.39

72

71

12.0

1.50

1.0

.00183

0.05

9.6

0.32

60

59

10.0

1.27

1.0

.00187

AST

0.05

12.1

0.17

26

25

5.4

0.59

1.0

.00201

CMC

0.50

8.3

0.56

120

120

18.0

2.30

1.0

.00166

G*

G'

G"

Pa

Pa

Pa

ACT

Phase

Range
%

Amplitude

Strain

For Aged Colors at 10 Hz Frequency
Thiekener
Type

Parts

PA

0.15

11.4

0.25

81

79

0.05

10.7

0.20

66

AST

0.05

9.3

0.08

CMC

0.50

10.1

0.37

ACT

Phase

Tl'
Pas

Range
%

Ampl
i-tude

Strain

16.0

2.24

1.1

.00172

65

12.0

1.91

1.1

.00177

31

30

4.9

0.98

1.1

.00197

130

130

23.0

3.25

1.1

.00151

the control coating (with no thickener) had negligible elasticity, the frequency
dependence of the modulus is significantly higher (steeper slope). This could be due
to the shear induced aggregation or network formation with clay.
Similar trends were observed with respect to the loss (viscous) modulus, G"
(Figure 25). However, the magnitude of loss modulus was substantially smaller, by
at least three fourths, than the storage modulus. This clearly indicates that, in the
range of frequencies tested, all colors investigated behave as viscoelastic materials,
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The Plot of Loss Modulus (G") as a Function of Frequency (Fresh
Colors).

probably due to elastic structures arising from pigment particle - particle and pigment
- thickener interactions, as well as the type and level of thickeners in the continuous
phase. Nevertheless, viscous behavior became more pronounced as frequency
increased, especially for CMC, PA, ACT and also for the control coating. CMC and
AST do not seem to be affected by frequency. These results were also verified with
plots of the phase angle (Figure 26) as a function of frequency. Phase angle values
are in between 5 and 10 degrees, pointing out that all coatings are viscoelastic. Note
that the control has the highest phase angle (i.e., 20 degrees) indicating less structure
build-up (more viscous). An increase in the phase angle with increased frequency
indicates that, although elasticity prevails at low frequencies, the structural networks
in suspension which are responsible for the elastic behavior are broken down as the
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frequency of oscillation increases. Almost constant angle or a narrow range indicates
that the formed elastic (solid-like) structures are more stable.
For Aged Colors
Figure 27 shows the storage modulus as a function of frequency for the coating
colors which were aged (Figure 24). Here the trends observed with fresh colors
remains the same, with CMC having the highest modulus and AST the least. However
the magnitude of G' modulus is significantly less, about one - third, that of fresh
colors, probably due to the lower level of thickener addition. G' modulus of CMC
shows weak dependence on frequency while PA and ACT show moderate dependence
and AST pronounced dependence on frequency.
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Figure 28 shows the loss modulus as a function of the frequency. Although the
trend follows storage modulus, the magnitude is much smaller, about 80% - 90% less
compared to G'. This trend is confirmed from the plot of phase angle versus
frequency (Figure 29). All colors have a phase angle of 10 degrees at the end of the
frequency range tested.
Summary of Frequency Sweep Data
For all coating colors tested, the G' data (elastic modulus) showed a plateau
at low frequencies, with a slight increase with higher frequencies. The value of the
G' plateau is an indication of the internal structure or interactions between kaolin
particles and polymer (thickener) in the continuous phase. The linear (small strain)
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viscoelastic properties are controlled by two different mechanisms: one due to the
strong particle interactions responsible for the solid-like behavior and the second
responsible for the flow, break-up of floes, and eventually alignment of particles.
At low frequencies the elastic modulus exhibited a plateau with a value much
larger than the loss modulus. This is typical of a solid-like behavior and one should
use these characteristics with caution in order to interpret problems associated with
the coating process. Possibly, the recovery after passage under the blade is governed
by solid-like viscoelasticity.
The storage (elastic) modulus, G', of all formulations were consistently larger
than the loss (viscous) modulus, G", over the whole frequency range (0.1 - lOHz) and
strain (.001 - 1) ranges investigated. Frequency sweeps at 1 % strain were linear for
all coatings with the loss modulus having a steeper slope and G' > G".
The liquid-like behavior is possibly contributed by fluid in the continuous
phase as well as by non-permanent cross-linked networks which result from weak
particle aggregation or chain entanglements. Strong interactions between polymers
contribute to G', whereas weak, rapidly relaxing bonds contribute predominantly to
G" Ul,.N].
Strain Sweep Test
In a strain sweep experiment the coating color is subjected to a sinusoidal
oscillation at a constant frequency of 1 Hz and a range of strain amplitude. This gives
information about the linear viscoelastic region and also about yield stress. These
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experiments depend on the degree of structure formation and its strength in the
coating colors.
Strain sweep tests were conducted under dynamic oscillatory conditions with
a constant frequency of lHz and over a strain range of 0.1 - 100%. Strain sweep
measurements indicate the range of linear viscoelastic behavior, whereas the dynamic
moduli are independent of the strain amplitude. Figures 30 (for fresh colors) and 31
(for aged colors) show the storage modulus, G', of coating colors as a function of
strain applied at a constant frequency of lHz. These graphs show that G's for all
colors remain independent of strain up to a strain of 0.018 and then start to decrease,
which indicates the break down of the network structure formed by the pigment
particles and the respective thickener. The strain at which the G' modulus starts
decreasing can be regarded as a critical strain, 'Ye· Each coating has a characteristic
critical strain, which reflects the strength of the structure formed by the respective
thickener as the pigment and binder system remains unchanged. Table 5 shows the
critical strain values for coatings with different thickeners. The decrease in the storage
modulus marking the onset of nonlinear viscoelasticity is also reflected in other
viscoelastic parameters e.g., the loss modulus (Figure 32) and the phase angle (Figure
33). Figure 33 shows, for the same colors as in Figure 30, that the decrease in G' is
accompanied by an increase in the phase angle as the network structure breaks down.
Higher critical strain means lower G'.
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Table 5
Critical Strain Values Calculated From Strain Sweep Test
STATUS

FRESH
COLOR

AGED
COLOR

THICKENER

ADDITION
LEVEL, pph

CRITICAL
STRAIN,Yc

STORAGE
MODULUS
G'

YIELD
--'to =

G'*Yc

PA

0.25

0.018

170.0

3.06

ACT

0.25

0.070

130.0

9.10

AST

0.20

0.038

86.0

3.27

CMC

1.50

0.020

180.0

3.60

PA

0.15

0.026

65.0

1.69

ACT

0.05

0.032

54.0

1.73

AST

0.05

0.050

18.0

0.90

CMC

0.50

0.026

90.0

2.34

Implications of Viscoelastic Properties on Runnability
The relevance of elasticity, G', of the colors to their behavior during the coating
process remains uncertain. These colors are shear thinning, and high shear rates
present in the region of the blade are likely to destroy any elastic structures. However,
solid-like behavior under the blade may still occur if the deformation time is
substantially shorter than the relaxation time of the color, which Windle and Beazley
[il] considered to be the case for most systems.
Clearly, the very low rates of strain involved in oscillation experiments are
very different from the shear conditions before or under the blade, where breakdown
of most or all of the structures in the coatings is likely to occur, provided that the
time scale is long enough. Leaving aside the possibility that some structures may
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survive the blade, the elasticity as measured at low strains is likely to be most
significant to post-blade processes such as the relaxation of streaks or the rate of
levelling of the wet coating layer. Both Adolfsson et al. Ufil and Engstrom and
Rigdahl [11] have suggested that such a link may exist between viscoelasticity and
coating structure in formulations containing CMC: A possible mechanism for the
effects of soluble polymers on high speed runnability has been suggested by Gane et
al.(35].

CONCLUSIONS

1. The different water-soluble polymers evaluated in coatings as rheology
modifiers (thickeners) had significant effects on viscosity and viscoelastic properties
of the coatings. These rheological parameters had effects on the blade coater
runnability, though not predictably.
2. Although every thickener used in this study increased viscosity of the
coating colors, AST had the most viscosifying power. The amount of AST thickener
needed for a given Brookfield viscosity was less than the other thickeners.
3. Coatings with AST had higher low-shear (Brookfield) and lower high-shear
(Hercules) viscosities.
4. AST coatings needed the lowest blade run-in (blade pressure) values for a
given coat weight.
5. The blade run-in values were found to correlate with the Hercules hi-shear
viscosity. While blade run-in values for ACT increased logarithmically as the viscosity
increased, it was found to decrease for AST, PA and CMC, although the reason for
this is not known.
6. All coatings were found to be viscoelastic under the conditions tested. The
storage moduli (G') were higher than the loss moduli (G"), indicating the presence of
network structures. The very low value of G' in the control coating that the water
soluble polymers (thickeners) were responsible for network structure build-ups. In
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other words, these thickeners contributed to the viscoelastic properties of the coatings.
7. CMC had the highest storage modulus (G') and AST had the lowest, at the
same Brookfield viscosity. This could be one of the reasons for the relatively better
runnability of the coatings with AST.
8. The critical strain values from the strain sweep test showed the lowest yield
values for the coatings containing PA and AST, while coatings with ACT had the
highest yield values.
9. From stress relaxation curves it was found that coatings with AST relaxed
faster than those with other thickeners.
10. Although nothing can be said conclusively about the effect of these
thickeners on runnability on the CLC, coatings containing AST contributed to
relatively trouble free runs. However, this should be confirmed or supported by pilot
machine and commercial studies.

SUGGESTIONS FOR FURTHER STUDY
For a detailed study of the runnability, a runnability envelope should be
developed for each thickener. This should be done at different speeds, at different
total solids levels and with different amounts of thickener. Such a runnability study
on the CLC would be an indication of the streaking trends to be expected. Runnability
problems such as bleeding and deposits seen over extended periods of running on
commercial coaters can not be observed on the CLC. Thus, CLC runnability study
should be confirmed and extended by pilot coater studies, at least.
These different classes of thickeners basically affect the interaction between
various components of the coating color leading to changes in the structure of the
semi-dried and dried coatings. It is essential to understand how the coating structure
is affected by these thickeners in uncalendered sheets.
Another property of the colors with respect to runnability is the water holding
capacity of the coating colors. High water retention of coatings is believed to be
essential under the blade to avoid streaks and to avoid the applied coating layer going
dilatant immediately after the blade. Further work is needed in this direction.
Another interesting thing to study would be the colloidal chemistry of these
colors, especially how the charge balance is achieved when these thickeners are added.
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Appendix A
Description of the Thickeners
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APPENDIX-A

Details of the Thickener or Rhe6logy Modifier� Used in This Study
THICKENER

TRADE NAME

MANUFACTURER

TYPE

PA

L - 35

ALCO Chemical Co

A cr ylate
Thiclmners

ACT

Admiral 3089 FS Aqualon Company

Cellulosic
mixture of
CMC and

HEC

AST

Polyphobe 205

Union Carbide

HEUIWE
Synthetic
polymers

CMC

Finnfix 5

Mesta Serla

Cellulosic,
Jowvisoous
grade and
low degrees
of
polymeriz
ation &
saibtibrtim

--

Appendix B
CLC Machine Conditions
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APPENDIX- B
Number of CLC runs
4 Thickeners@ 3 levels@ 3 Run-ins= 36 Runs
Coating Formulation
parts #1 Clay (Hydrafine)
100
parts Dispersant (Dispex N-40)
0.25
parts Latex (DOW 620)
14
0.1, 0.2, 0.3 parts Thickener **
Solids
64%
** Thickener levels were changed depending on the viscosity
development in the coating color.
Base Stock
Woodfree 60 g/m2 offset
CLC Machine Conditions

Blade Arrangement
Blade angle
Blade thickness
Backer thickness
Blade bevel
Blade free extension
Blade total extension
Speed
Pre-dry time
Pre-dry power
Post-dry time
Delay distance
Coat path
Begin
End
Blade pressure(Run in)*

50 degrees
0.015"
0.050"
50 degrees
0.400"
1.252"
900 m/min
20 secs.
80 %

35 secs.
5 meters
2

6
0.020"
0.030"
0.040"

* Blade Run-in values were adjusted depending on coat weight
achieved, which depended on the base paper-blade run-in relationship.

Appendix C
Supporting Data
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Table 6
Brookfield and Hercules High Shear Viscosity Data

THICKENER
TYPE
PA

ACT

AST

CMC
CONTROL

ADDITION
LEVEL,
pph

BROOKFIELD VISCOSITY
(mPa.s)

HERCULES
VISCOSITY,
mPa.s

10RPM

20RPM

50RPM

100RPM

0.15

4400

2520

1280

788

46.9

0.25

7040

4040

2032

1236

48.5

0.35

9960

5660

2832

1704

59.7

0.05

3680

2100

1040

620

52.8

0.15

7240

3880

1840

1072

68.1

0.25

14200

7440

3404

1864

92.7

0.10

6200

3360

1608

940

37.1

0.15

8200

4560

2144

1228

38.7

0.25

12120

6720

3160

1800

40.6

0.50

4800

2700

1328

792

39.8

1.00

8320

4700

2280

1336

51.3

1.50

9320

5220

2520

1488

60.6

0.00

920

600

336

224

21.6

